Abstract Tick vaccines are important component of integrated pest management for sustainable control of tick and tick born diseases. Immune responses against rHaa86 (homologue of Bm86) recombinant Hyalomma tick antigen were determined in experimental crossbred calves. The humoral antibody responses of the calves were measured against rHaa86 in an optimized ELISA format. The expression of the interferon gamma (IFN-c), was also evaluated in the culture supernatant of blood culture from blood samples of the experimental calves. The expression patterns were studied after stimulating the blood cells in vitro with rHaa86 antigen and subsequently optical density was measured against IFN-c. The results were expressed as stimulation indices. All the rHaa86 immunized animal showed strong humoral antibody response just after 1st vaccination and reach to pick after 2nd booster and thereafter maintained up to days 120 from post primary immunization. The humoral antibody response was dominated by IgG1 against IgG2 throughout the period of antibody monitoring. The standard graph of bovine recombinant IFN-c was plotted which showed a significant difference in SI and OD value up to 200 pg/ml. The lowest detectable value of IFN-c was 20 pg/ml and SI at this level is 1.16 which is greater than maximum SI calculated from individual calf. The IFN-c response never reached at significant level and the IgG1 response was dominated over IgG2 response throughout the period of experiment. Since IgG2 and IFN-c are interlinked, the present study established the Th2 response as a possible mode of mechanism of conferring antibody mediated protection against challenged ticks.
Introduction
In India, although the importance of controlling ticks and tick-borne diseases (TTBDs) has been given top priority, the progress on immunological control of the tick has not yet reached to the ultimate level of vaccine development suitable to Indian condition. Earlier, attempts have been made to immunize laboratory animals and cattle against ticks species with crude and purified antigens and significant protection has been achieved (Singh and Ghosh 2003; Ghosh et al. 2005) . However, none of the studies have reached to the development of vaccine against the target tick species.
The successful identification and isolation of first novel concealed antigen from tick gut was Bm86 and latter the protein has been expressed in different expression system and commercial vaccines have been developed and marketed (Willadsen et al. 1988 Cobon and Willadsen 1990; Rand et al. 1989; Rodriguez et al. 1994) . When rBm86 protein inoculated into animal, body defense system treated it as foreign body and activation of immune system occur. Following ingestion of the blood from immunized cattle, the antibodies together with other components of the immune system such as complement, cause lysis of the gut epithelial cells of tick, leading either to death or to disruption of normal gut physiology and reduce growth and egg-laying ability Kemp et al. 1986) . Regulation of humoral immune responses is multifactorial involving appropriate activation, co-stimulation and the presence of specific soluble factors (Estes and Brown 2002) . In vitro studies have suggested that antibody responses in cattle polarized to type 1 or type 2 responses could be linked to specific IgG subclass expression patterns. Bovine IgG1 expression is positively regulated by IL-4, and IgG2 expression by IFN-c (Estes et al. 1994 (Estes et al. , 1995 .
Taking the lead from the work of the homologue of Bm86, Haa86 has been cloned and expressed in both prokaryotic and eukaryotic systems. The expressed protein has been characterized and tested against homologous and heterologous challenge infestation (Azhahianambi et al. 2009a, b; Jeyabal et al. 2010; Kumar et al. 2012) . However, the immune response to rHaa86 is not well characterized in natural host. With this background the present experiment was undertaken to study the immune response of cattle following immunization with rHaa86 antigen.
Materials and methods

Cattle
Cross-bred (Bos indicus 9 Bos taurus) bovine calves (n = 9) were procured from Livestock Production and Management section of the Institute, Izatnagar just after weaning and maintained in the tick proof shed of the Division of Parasitology. The calves were fed on a daily ration of concentrate and wheat bhusa with ad lib drinking water. Each calf was supplemented with vitamin A and mineral mixture at regular interval. The experimental animals were maintained according to the guidelines of Committee for the Purpose of Control and Supervision of Experimentation on Animals (CPCSEA), a statutory Indian body.
rHaa86
The full length gene of 1.7 kb size of Bm86 orthologue of Hyalomma anatolicum anatolicum (Haa86) cloned in the cloning vector pET 32a and transformed in Escherichia coli BL21(DE3)PLysS strain was available in the Entomology laboratory, Division of Parasitology. The clones were revived by sub-culturing in Luria Bartani (LB) broth supplemented with ampicilline (100 lg/ml) and chloramphanicol (34 lg/ml). For mass scale production of desired protein, freshly grown overnight cultures were inoculated in LB medium (1,000 ml) and incubated at 37°C with shaking. When the OD reached at 0.5-0.6, the cells were induced with 1 mM isopropyl-b-D-thioglactopyranoside (IPTG) and incubated further with shaking. Bacterial cells were harvested by centrifugation and stored at -20°C. To purify the expressed protein, the cell pellet was resuspended in lysis buffer (containing urea, Tris-Cl and NaH 2 PO 4 ) and mixed by vortexing. To enhance the lysis of cells the suspension was stirred for 2 h at 22°C in the shaking incubator at 220 rpm and sonicated at 10 lm for 5-6 times for 45 s each after 1 min rest. The cell lysate was obtained by centrifugation and stored at -20°C. The lysate containing the solubilized protein was subjected to purification by nickel-nitrilotriacetic acid (Ni-NTA) agarose resin (Qiagen, Germany). The level of recombinant protein present in fractions collected during elution was confirmed by SDS-PAGE. The fractions were pooled and dialyzed using 7,000 Da cut-off dialysis membrane (Pierce, UK) against decreasing strength of urea and finally in PBS (pH 7.2), is to remove the urea and re-nature/refold the protein. The resultant buffer containing recombinant rHaa86 was subjected to ultra filtration using 50 kDa cut off ultra filter (Pall life sciences). The protein was resolved in SDS-PAGE (12 % gel) along with bovine serum albumin (BSA) in the concentrations of 1-10 lg per 20 ll of buffer. The band thickness of protein sample matching with a particular concentration of BSA was used to calculate the concentration of the rHaa86. The protein sample was labeled, mixed with cocktail of protease inhibitors (Amresco, USA) and stored at -20°C.
Gel purification of rHaa86
The Ni-NTA purified rHaa86 was eluted from 8 % nonreducing polyacrylamide gels. The gel slices were mixed thoroughly with PBS, pH 7.4 containing cocktail of protease inhibitors and incubated the mixture over night at 4°C on magnetic stirrer. The targeted protein was collected from the supernatant by centrifugation at 15,000 rpm for 30 min at 4°C. The eluted protein was checked by SDS-PAGE. The concentration of eluted protein was estimated by Fluorometer (Cubett, Invitrogen, USA) and stored at -20°C. This gel purified protein was used for in vitro antigenic stimulation of lymphocytes in blood culture.
Immunization
Nine cross breed calves (10-12 month old) were treated with Albendazole [Albomol Ò ] at 7.5 mg/kg body weight orally one month prior to immunization. For immunization, animals were divided randomly into three groups comprising of three animals in each group. Groups 1 immunized with rHaa86 and group 2 and 3 was kept as adjuvant and negative control (inoculated with PBS only), respectively. The frozen rHaa86 protein samples (100 lg/ml) were thawed and emulsified thoroughly with equal volume of adjuvant (10 % Montanide 888 in mineral oil). Animals of group 1 was inoculated with 2 ml of reconstituted rHaa86 vaccine on 0, 30 and 60th day. The immunization was carried out by deep intramuscular inoculation in the glutial muscle.
Collection of blood and serum
To quantify expression of IFN-c, whole blood samples were collected with anti coagulant (10 IU of heparin per ml of blood) at different interval from pre-immunized and post-immunized calves under sterile condition. Separate blood samples were also collected without anti-coagulant for separation of serum. The collection schedule was day 0 (prior to primary immunization), 21st day, 45th day, 75th day, 100th day and 140th day post immunization. The serum samples were stored at -80°C for analysis of humoral immune responses.
Whole blood culture and antigenic stimulation of lymphocytes
The whole blood culture was done for antigenic stimulation of lymphocytes as previously described (Weynants et al. 1995; Hasvold et al. 2002) . Three, 1 ml aliquots of each blood sample collected from the experimental animals were distributed in 24 wells culture plate (Axygen, USA). For negative control, 100 ll of PBS was added to one aliquot, while for positive control 5 lg concanavaline A in 100 ll was added to second aliquot. For antigenic stimulation, 20 lg of rHaa86 was mixed with third whole blood aliquot. The culture was incubated at 37°C in a humified atmosphere with 5 % CO 2 for 30 h. For gross assessment and validity of test, following incubation, lymphocytes were isolated by centrifugation using Histopaque-1077 (Talwar and Gupta 1992) and viability of cells was assessed by trypan blue. To check the sterility of culture, integrity of blood cells and proliferation of lymphocytes, Giemsa stained blood smears were prepared and examined microscopically. The culture supernatant was stored at -80°C until assayed for the IFN-c content.
Measurement of IFN-c response in culture supernatant
For measurement of the IFN-c in culture supernatant, Sandwich ELISA was optimized and standard graph was plotted using recombinant bovine IFN-c. The microtiter plates (Nunc, Denmark) were coated with 100 ll/well of mouse anti-bovine IFN-c (AbD serotec, UK), by company recommended concentration of 5 lg/ml in coating buffer (0.02 carbonate-bicarbonate buffer, pH 9.6), and incubated overnight at 4°C. The recombinant IFN-c (AbD serotec,UK) was diluted with PBS at a concentration of 10, 4, 2, 1, 500, 200, 100, 50 and 20 pg. Simultaneously, culture supernatant was serially diluted as 1:10, 1:50 and 1:100 in diluting solution (washing buffer containing 1 % BSA). Each concentration of IFN-c was probed with different dilution of culture supernatant at 100 ll level. The biotin conjugate, mouse anti-bovine IFN-c:biotin (AbD serotec, UK), was diluted to 1, 2, 3 and 4 lg per ml in diluting solution and was used in checkered board format. Enzyme conjugated avidin, straptavidin:HRP, was used at a concentration of 1:5,000 in diluting solution. Finally, 100 ll substrate solution (0.05 M citrate buffer containing 0.08 % OPD and 30 % H 2 O 2 ) was added to each well, and kept at room temperature. Optical density was taken at 492 nm in ELISA reader (Tecan Sunrise, Austria) after 5 min. The results were expressed as stimulation indices (SI) using the following formula: mean of the optical density obtained from the stimulated culture/the mean of the optical density obtained from negative control culture.
Monitoring of immunological response
The humoral immune response to rHaa86 antigen was monitored by indirect ELISA. The ELISA was optimized and antigen was applied to the microtiter plate in a concentration of 6 lg/ml. The collected sera were diluted into 1:500 and were used in triplicate wells. Sheep anti-bovine IgG, IgG1 and IgG2:HRPO conjugate (AbD serotec, UK) were used at a dilution of 1:10,000 as secondary antibody. The peroxidase mediated colour development was performed at room temperature with o-phenylene diamine dihydrochloride (OPD) (Pierce, USA) in citrate buffer, pH 5.0. The reaction was stopped with 50 ll of 3 N HCl per well, and absorbance was recorded by microplate ELISA reader (Tecan-Sunrise, Austria), as the mean OD 492 of triplicate samples.
Statistical analysis
The analysis of variance was used for comparing the data of cytokine and humoral immune responses among the different groups of the experimental calves and between different days within the same group of calves. Significance at 5 % level (P \ 0.05) was used to define differences in different parameters.
Results
Gel purification of rHaa86
The purity and integrity of gel eluted protein was confirmed ( Fig. 1) and the recovery of the pure protein was about 40-50 %.
Whole blood culture
After 30 h of incubation the consistency and colour of blood was found normal in culture plate. The sterility, integrity of blood cells and changes in lymphocytes (blast formation), were conformed on microscopic examination. Trypan blue staining of lymphocytes showed that more than 80 % lymphocytes were viable.
Interferon-c response in in vitro lymphocyte stimulation
The following ELISA condition was standardized as optimum for IFN-c assay on the basis of differences of optical densities recorded amongst various concentration of rIFN-c used as positive and without rIFN-c as negative control: Concentration of mouse anti-bovine IFN-c:biotin 03 lg/ml, IFN-c detection up to 20 pg/ml, dilution of culture supernatant 1:10 and the mouse anti-bovine IFN-c and straptavidin: HRP conjugate were used in 5 lg/ml and 5000 -1 dilution, respectively, as per the manufacturer's instructions. The standard graph of bovine recombinant IFN-c was plotted (Fig. 2 ) and a significant difference in SI and OD value up to 200 pg/ml was recorded. The lowest detectable value of IFN-c was 20 pg/ml and SI at this level was 1.16 which was greater than maximum SI calculated from individual calf. The pattern of expression of IFN-c was shown in Fig. 3 . The SI of all the groups of animals were within a range of 1-1.14 and there were no significant differences in IFN-c expression amongst the animals of all the groups.
Antibody response in calf
Groups 1
The whole IgG, IgG1 and IgG2 responses of the group were pooled and depicted in Fig. 4 . The mean OD 492 values of the serum samples rose to 3.8, 3.7 and 2.3 times as against the pre-immunized value on day 21 of primary immunization, and 7.0, 8.0 and 4.0 times of the preimmunized value on day 75 post primary immunization for IgG, IgG1 and IgG2, respectively. The sustained antibody levels were detected till 60 days of last immunization (day 120). On day 140 post immunization, a decreasing trends was recorded. In comparison to IgG and IgG1, the animal to animal variation at IgG2 response was at very high level (2.5 to 5.4 times) and overall response was not significant.
Groups 2 and 3
The mean OD values of the serum samples of the calves were recorded in the range of 0.081 ± 001 to 0.090 ± 0.003 for IgG, 0.071 ± 0.001 to 0.077 ± 0.002 for IgG1 and 0.050 ± 0.002 to 0.063 ± 0.001 for IgG2 during the entire period of experiment. 
Discussion
Immunization with concealed antigens of ticks was attempted with an idea to induce antibody production to molecules of ticks performing essential physiological functions. It was assumed that antibodies would enter the body of ticks through blood and disrupt the essential functions of the tick with subsequent killing. It is well established that T helper cells are required for optimal isotype switching and the production of multiple antibody subclasses during antigen specific immune responses (Mond et al. 1995; Snapper et al. 1993; Laman et al. 1996) . Clery et al. (1996) recorded no to low levels of expression of IFN-c protein and predominant IgG1 response in cattle experimentally infected with the helminth parasite, Fasciola hepatica. He correlated the lack or relatively low levels of serum IgG2 antibody in infected cattle with a relatively weak IFN-c response. In many of the immunization study using tick antigens the role of humoral antibody response in conferring immunity against challenge infestation has been established (Allen 1989). In earlier experiment, the immune response against rHaa86 (Azhahianambi et al. 2009a, b; Jeyabal et al. 2010 ), Bm86 (Odongo et al. 2007) and Bm91 (Lambertz et al. 2012) were monitored by whole IgG measurement in rHaa86, Bm86 and Bm91 immunized cattle, respectively. The immunized animals developed a strong and specific humoral immune response characterized by high anti-Haa86, Bm86 and Bm91 IgG level. Accordingly, to trace the mechanism involved in conferring immunity in ticks following immunization with rHaa86, both IgG1 and IgG2 response was characterized. The IgG1 response was dominated over IgG2 response throughout the period of experiment. As reported by other workers the IFN-c response never reached at significant level throughout the period of experiments. Since IgG2 and IFN-c are interlinked, the Th2 response is established as possible mode of mechanism of conferring antibody mediated protection against challenged ticks. In the present experiment, the antibody response was characterized specifically against rHaa86 and the protocol can be used for antibody monitoring using different recombinant proteins of parasite origin.
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